Introduction
The Aquatic Warbler (Acrocephalus paludicola Vieillot 1817) is a habitat specialist and the only globally threatened passerine bird species in Europe (BirdLife International 2008) . In primeval landscapes it probably bred in mesotrophic or slightly eutrophic open fen mires in river valleys (Aquatic Warbler Conservation Team 1999) . Around 1900 the species was still widespread in Central and Western European wetlands, and especially abundant in large fen mires (Hübner 1908 , Hesse 1910 , SchulzeHagen 1991 . In the course of the 20th century the world population decreased severely as a consequence of wetland drainage and agricultural intensification. The species became extinct in France, Belgium, Italy, and the Netherlands; in Northeast Germany the population probably shrank to 0.2% of its former size. Currently, the Aquatic Warbler breeds in less than 40 regular breeding sites in six countries. The world population is currently estimated between 10,000 and 13,800 singing males, with the biggest national populations (in 2009); in Belarus (4,000-7,600), Ukraine (4,000-4,700) and Poland (c. 3, 200) , making up 90-95 % of the world population (M. Flade pers. comm.) . A Memorandum of Understanding under the Convention of Migrating Species (CMS) concerning conservation measures for the Aquatic Warbler was signed in 2003.
The Pomeranian Aquatic Warbler population is the smallest in Europe, but has a key function for the conservation of the species: Historical records suggest that the remaining birds in Pomerania are the last survivors of a large Western population (Aquatic Warbler Conservation Team 1999) . As this population has decreased sharply in numbers in recent years (Tanneberger 2008 , Flade et al. 2006 ) the Memorandum of Understanding pays special attention to the conservation and restoration of the Pomeranian habitats. Only recently the species' habitat requirements in Pomerania and possible differences to those in the well-studied core population (Dyrcz & Zdunek 1993 , Kozulin & Flade 1999 , Vergeichik & Kozulin 2006 ) have been studied (Tanneberger 2008) . In this paper we describe vegetation and site characteristics of the last Pomeranian habitats, compare them to other habitats across the breeding range, and discuss management perspectives.
Study sites and methods

Study sites
The study was carried out in the nine current Aquatic Warbler breeding sites in Pomerania (Fig. 1 , Table 1 ). They are located in a transitional climate region with both atlantic and continental influences (the latter being stronger in sites 5-9 located more inland, Fig. 1 ) and a mean annual precipitation of 450-600 mm (DWD 2007 , Kondracki 1994 . Already in the Tertiary, the Lower Oder Valley has been initially formed (Bülow 1934) . Together with the basins of the surrounding mires, it has been further shaped by melting inland ice and was greatly influenced by the Litorina Transgression (7-3 ka BP; Dreyer 1914 , Jasnowski 1962 , Borówka 2007 . The sites can be subdivided into sites near the coast and in small river valleys (1-5 in Fig. 1 and Table 1 ) and those in the Lower Oder Valley with strong influence of nutrient-rich inundation water (6-9 in Fig. 1 , Tanneberger et al. 2010a ). * above soil surface Sources: Rozwarowo Marshes: Dreyer (1914 ), Tegetmeyer (2006 ), Jurzyk (2004a . Wolin National Park: Jasnowski (1962) , Jurzyk (2004a) , Karsiborska Kępa: Jasnowski (1962), Matkowska et al. (1977) . Zajęcze Łęgi: Jasnowski (1962), Matkowska et al. (1977) . Miedwie Lake: Jasnowski (1962 ), Borówka (2007 . Gryfino : Dreyer (1914) , Niedzwiecki (2002 ), Jasnowski (1962 . Lower Oder Valley National Park: code refers to Criewen village; Dreyer (1914 ), IUS (1999 . Stara Rudnica: belongs to the area Kostrzyneckie Rozlewisko; Krogulec (1998) . Warta Mouth National Park: code refers to Słońsk town; Engel et al. 1998 , Osiejuk et al. (1999 .
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The coastal and small river valley sites are located on islands consisting of glacial sands in the delta of the river Świna (2-4 in Fig. 1 ) and in glacial basins that have been shaped by melting inland ice (1 and 5 in Fig. 1 ), respectively. The relevant mires originated by terrestrialization and paludification with predominantly reed and sedge peat. Inundation can occur in autumn and winter, in some areas (2-4 and partly 1 in Fig. 1 ) with brackish water, and is in some areas mitigated by dikes (Table 1) . The current prevailing land use types are winter reed cutting and (to a lesser extent) summer mowing and grazing. In the past, Aquatic Warblers have also bred on extensive pastures along the entire German Baltic Sea coast, the last remaining breeding sites being situated near Greifswald and Szczecin Lagoon (e. g. Schadefähre island until 1975 and Freesendorfer Wiesen 1973 -1997 Sellin 1989 and 1990 , Helmecke et al. 2003 . There are also historical records from several other sites around Szczecin lagoon (e g. Rów peninsula, Struskie Bagna). Rozwarowo Marshes (1 in Fig. 1 ; 1,600 ha), located 15 km from the Baltic Sea shore between Kamień Pomorski and Wolin towns, is currently the largest breeding site of Aquatic Warbler in Pomerania (Tanneberger et al. 2009 ). This area is exemplary for this group of Pomeranian Aquatic Warbler habitats and has been studied with particular detail (case study 1). It is located on both sides of the small Grzybnica river and receives additional water from the Wołczenica river and during heavy northerly storms also brackish water from the Baltic Sea. The site is mainly used for reed cutting.
The Lower Oder Valley sites, located in polders in the former floodplains of the Oder (6-8 in Fig.  1 ) and in the mouth of Warta river (9 in Fig. 1 ), are more strongly influenced by water level fluctuations of the Oder river. Their soils largely consist of alluvial sediments such as loam and clay that were deposited in the floodplain over the glacial sands, gravels, and clays as a result of medieval clearings in the uplands. In a part of the Lower Oder Valley National Park, closer to the river scarp, and in the Warta river mouth, mostly organic material was deposited and peat soils were formed (Jasnowski 1962) . In the 19th and early 20th century, Aquatic Warblers have been widespread on wet meadows in the Lower Oder Valley (Hübner 1908 , Robien 1920 . They have also bred on mown meadows in the Międzyodrze area (Lower Odra Valley Landscape Park) until 1997 (R. Czeraszkiewicz unpubl.). We have studied the last German breeding site of Aquatic Warbler in the Lower Oder Valley National Park (7 in Fig. 1 ; approx. 36 km²) as exemplary Lower Oder Valley site (case study 2). Its polder area is flooded from winter until mid-April, heavily drained afterwards and used for mowing and grazing (Dittberner & Dittberner 1976; Helmecke et al. 2003; Tanneberger et al. 2008) . Since 1991 the intensity of land use has strongly declined and an increasing part of the meadows has been abandoned.
Sampling
The study was carried out on 25 m 2 plots in early June 2006. Plant species cover was estimated in the Londo scale (Londo 1984) and transformed to percent values as follows: 0.1 = 0.5; 0.2 = 2, 0.4 = 4, 1 = 10, 2 = 20, 3 = 30, 4 = 40, 5 = 50, 6 = 60, 7 = 70, 8 = 80, 9 = 90, 10 = 97.5 (slightly modified after Dierschke 1994) . The nomenclature of angiosperm species follows Wisskirchen & Haeupler (1998) ; that of moss species Frahm & Frey (1992) 
Data analysis
Ecological-sociological species groups were elaborated manually by table work (Mueller-Dombois & Ellenberg 1974), using information on bioindication (Koska et al. 2001) , abiotic data (moisture, nutrient availability, pH), and indirect gradient analysis (see below). Relevés were ordered according to the major environmental gradients and non-hierarchical vegetation types were identified following Koska et al. (2001) and Koska (2007) . These site-indicative vegetations types are termed "vegetation forms". They are differentiated by ecological species groups that are valid for the lowlands of Northeastern Germany. The vegetation types in our study are not strictly floristically defined but reflect habitat complexes for which minor deviations in species composition and site characteristics within one spatially connected and structurally homogenous Aquatic Warbler habitat were tolerated. In one areathe Lower Oder Valley National Park -the resulting vegetation type was further subdivided into a frequently mown and unmown variant. This was based on the occurrence and cover of species sensitive to summer mowing.
Indirect gradient analysis (Detrended Correspondence Analysis, DCA) was used to analyse differences in plant community composition caused by specific site conditions. The analysis was carried out with percentage cover data for each study plot separately using the software package PCORD 4.01. As data from a large variety of sites with a small number of plots are included, a downweighting of rare species has been performed. Correlations of species and site conditions with the ordination axes were assessed using Pearson's correlation coefficient (r 2 ; McCune & Mefford 1999). In the two case studies, additional analyses were carried out: The vegetation forms occurring in Rozwarowo Marshes were subdivided into vegetation structure types, which additionally take vegetation structure features relevant to Aquatic Warbler habitat selection into account, i. (Tanneberger et al. 2010b ) using a GIS (ArcView 3.2). The results were analysed using the electivity index after Jacobs (1974) . The positive values between 0 and 1 indicate preference, the negative between 0 and-1 avoidance.
Results
Site conditions of the Pomeranian habitats
The habitats are mostly eutrophic according to the mire typology in Succow & Joosten (2001 ; Tables 1 and 2 ). The habitats in the coastal and small river valley sites show medium to moderately rich conditions (with the most nutrient-poor conditions in the Rozwarowo Marshes: mesotrophic-higher medium (m-hm) to eutrophic-moderately rich (emr)), whereas Lower Oder Valley habitats have rich conditions (e-r, with few exceptions tending to moderately rich). Except the more alkaline (alk) Miedwie Lake area, all habitats are subneutral (sub , Tables 1 and 2 ). The ordination graph (Fig. 2) shows that the plots are primarily clustered according to their location (i.e. sharp separation of sites), with the riverine areas as well as the coastal sites (see Table 1 for site codes) grouped together. The main gradients separating the groups are nutrient availability (C/N ratio) and electroconductivity ( Fig. 2 and 
Flora and vegetation of the Pomeranian habitats
In total, 101 vascular plant and moss species were recorded (see Annex). They belong to five vegetation forms (VFs; Breeding sites (see Table 1 
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Main land use type (see Table 1 According to a phytosociological classification after Rennwald (2000) , the vegetation forms belong to five associations from three alliances: VF 13 to the SphagnoCaricetum appropinquatae (Caricion lasiocarpae) and the Caricetum elatae (Magnocaricion elatae); VF 27 and 42 to the Schoenoplecto-Phragmitetum australis (Phragmition australis) with VF 42 showing tendencies to the Scirpion maritimi (according to the classification of Polte 2004, VF 42 is a transition to the Scirpetum eschweizerbart_xxx maritimi, Galium palustre-subunit); VF 30m and VF 30u to the Caricetum gracilis and the Phalaridetum arundinaceae (Magnocaricion elatae), and VF 47 to a drier version of the Caricetum gracilis with transitions to the Caricetum ripariae (Magnocaricion elatae).
Case study 1: Rozwarowo Marshes, Poland
In this area, Aquatic Warblers favour vegetation that consists of moderately high (< 2 m) and sparsely growing Common Reed (Phragmites australis) under which the broad leafs of Marsh Fern (Thelypteris palustris) form an additional plant layer (VF 13). Soil conditions are moderately rich or mesotrophic and the water level during the breeding season is permanently at or up to 5 cm above the soil surface (Table 2 ) and falls deeply in July/August. Typical additional plant species include Peucedanum palustre, Lysimachia vulgaris, Lythrum salicaria, and Myrica gale. This type of vegetation mainly occurs in the western and northeastern parts of the area. Here, three nesting sites of Aquatic Warblers were found in July 2006. In some years, birds also occur in adjacent moderately high (< 2 m) Phragmites australis stands with a dense herb layer dominated by sedges, typically Carex acuta, Carex elata, and also Potentilla palustris and the moss Leptodictium riparium.
Very few observations of singing males have been made in recent years in sedge vegetation (VF 27) without Phragmites australis. Here, soil conditions are mesotrophic, sometimes slightly eutrophic, and the water level lies permanently high above the soil surface (Table 2) . Typical plant species include Carex elata, C. disticha, Equisetum fluviatile, Rumex hydrolapathum, Typha latifolia, and C. pulicaris. The area of this vegetation type has decreased strongly in recent years and reed vegetation has increased. Whereas in the 1990s, only about 50% of the Aquatic Warblers occurred in reed-dominated vegetation (R. Czeraszkiewicz unpubl. data), this figure was 90-100% in recent years.
Case study 2: Lower Oder Valley National Park, Germany
In this area, the most striking result is the abandonment of sedge-dominated vegetation by Aquatic Warblers after 1990. Areas classified as Caricetum gracilis in 1993 were preferred by the birds in 1982 and 1986 (forming roughly half of the area occupied), but less so after 1995, and were nearly completely avoided since 2000 (Fig. 3) . At the same time, Aquatic Warblers shifted to other meadows dominated by Phalaridetum arundinaceae and the Galium album-Alopecurus pratensis community (nomenclature after Rennwald 2000) . This change can largely be attributed to changes in land use. The meadows occupied prior to 1995 were usually mown twice each year until 1989 leading to the development of a mosaic of sedges, grasses and herbs. Since 1992, many of these meadows were only mown once or completely set aside which caused succession to denser and taller Carex acuta stands.
On the margins of the meadows at higher elevations we usually find either the Ga-lium album-Alopecurus pratensis community with Cnidium dubium or true Cnidion dubii meadows (Konczak 1999 Although having a common vegetation structure that makes them suitable for Aquatic Warbler occurrence, the Pomeranian habitats vary with respect to plant composition. The five vegetation forms differ mainly with respect to their water regime. Because of the dikes in the sites with vegetation forms VF 42, 30, and 47, the coastal flooding and river inundation effects are mitigated and the water regime is transitional. The occurrence of plant species characteristic for certain water regime types is also influenced by land use: Whereas typical, less competitive fluvial inundation species such as Carex vulpina, Cnidium dubium, and Oenanthe fistulosa occur in the regularly mown variant VF 30m, they are absent in the unmown variant VF 30u due to the strong competition of tall and dense growing species (e.g. Carex acuta, Glyceria maxima). On a very small area, the Pomeranian habitats reflect the overall variety of Aquatic Warbler breeding habitats. Rozwarowo Marshes and Miedwie Lake (VF 13 and 27) are rather similar to Eastern Polish and Belarusian mesotrophic groundwater-fed percolation mire habitats. Whereas VF 13 resembles sedge fen habitats with a sparse reed cover (e.g. "Trzcina Ławki" in Eastern Poland, H. Bartoszk unpubl. data; Zvanets mire in Belarus, Kozulin and Flade 1999) , VF 27 is most similar to the more widespread sedge-brownmoss habitats without reed. In the Biebrza Marshes (Eastern Poland), Carex appropinquata, C. elata, C. rostrata, Calliergonella cuspidata, Drepanocladus intermedius, and Bryum ventricosus are the dominant species (Dyrcz & Zdunek 1993) . In the Belarusian habitats, the main associations are the Caricetum elatae (most dominant in the more nutrient-rich mires), Caricetum rostratae, Caricetum diandrae, Caricetum appropinquatae, and Caricetum lasiocarpae (most dominant in the more nutrientpoor mires; Kozulin & Flade 1999) . The most common moss species are Hypnum mosses, Calliergon giganteum, Calliergonella cuspidata, and Bryum ventricosum. In the Ukrainian habitats, Carex rostrata, C. omskiana, and C. appropinquata prevail (Poluda 2006) . Typical co-occurring herbs in all percolation mire habitats are Menyanthes trifoliata, Lysimachia vulgaris, Potentilla palustris, and Equisetum fluviatile.
The Pomeranian coastal habitats on Karsiborska Kępa and in Wolin National Park are most similar to the Lithuanian habitats at the Curonian lagoon. These sites are described as Caricetum distichae with small areas dominated by Phragmites australis and Glyceria maxima. Other typical species are Triglochin maritimum, Schoenoplectus tabernaemontani, Bolboschoenus maritimus, Carex acuta, Rumex hydrolapathum, Phalaris arundinacea, and Agrostis stolonifera (Lithuanian Ornithological Society 2000) .
The Lower Oder Valley sites with VF 30 and 47 have key features in common with the Lithuanian Nemunas Delta habitats (Table 4, Tanneberger et al. 2010a ). The eutrophic conditions are in both areas mainly caused by inundation with nutrient-rich river water. In the Nemunas Delta, vegetation formed by Carex disticha, Carex acuta, and Phalaris arundinacea prevails (F. Tanneberger unpubl.) . Other characteristic species are Lysimachia nummularia, Lysimachia vulgaris, Agrostis stolonifera, Galium palus-tre, Ranunculus repens, Cardamine pratensis, and Carex vulpina. These habitats also resemble some floodplain habitats in Belarus, Ukraine, and Eastern Poland (Narew valley) where a small proportion of the core population breeds and C. riparia and C. acuta communities prevail (Flade & Kozulin 1999 , Poluda 2006 ). Dyrcz & Zdunek (1993) , Wassen & Joosten (1996) for soil C/N ratio in Biebrza Upper Basin (21.45 ±2.2). c Kozulin & Flade (1999) , N. Bambalov pers. comm. for soil C/N ratio (mean 20.2). d Poluda (2006) .
The Pomeranian Aquatic Warbler as an umbrella species
Our study shows that Aquatic Warbler habitats in Pomerania are not only important for birds, but also for plant conservation. In total, four strictly protected and four protected species listed in the Polish Red Data Book occur in our study areas.
The Rozwarowo Marshes belong to the botanically most valuable peatlands in Northwest Poland with a mosaic of rare and threatened plant communities. The site holds the largest population of Myrica gale (Myrico-Salicetum auritae) in Northwest Poland (Jurzyk 2004a and 2004b) . This community is closely intertwined with the Aquatic Warbler breeding habitat. In some parts of the Myrico-Salicetum auritae, Carex pulicaris grows on Molinia caerulea tussocks. This species is threatened with extinction in Poland (Jurzyk & Wróbel 2003 , Wróbel & Jurzyk 2004 . Seasonal groundwater fluctuations and soil drainage in summer provoke soil aeration and support the development of Myrica gale and Molinia caerulea. Even in summer, however, the Carex pulicaris microhabitats remain moist as a result of capillary rise inside the Molinia tussocks. This habitat type is listed under Annex I of the Habitats Directive (Code 6410; European Commission 1992). In the eastern part of the peatland, halophytes of the Triglochino-Glaucetum maritimae with abundant Triglochin maritima, Glaux maritima, Juncus gerardi, Aster tripolium, and Plantago maritima occur (Ciaciura & Stępień 1998 , Tegetmeyer 2006 . This area has been maintained by summer mowing in the last few years.
At Miedwie Lake, the only alkaline Aquatic Warbler breeding site in Pomerania, the calcareous Caricion davallianae (Habitats Directive Annex I, Code 7210) occurs with threatened species such as Cladium mariscus, Schoenus nigricans, and C. buxbaumii (Wołejko et al. 2007 ). The Habitats Directive Annex II species Liparis loeselii has grown here until 1995. The sites used to be mown, grazed, and occasionally burnt. In recent years, large parts became abandoned and many threatened plant species disappeared.
The Oder Valley is one of the strongholds of Cnidion meadows in Germany (Burkart et al. 2004 ), a habitat type listed in Annex I of the Habitats Directive (Code 6440). The Cnidion meadows of the Oder Valley are species-rich plant communities. River corridor plants (German: "Stromtalpflanzen") such as Achillea salicifolia, Carex vulpina, Cnidium dubium, Inula britannica, Lathyrus palustris, Scutellaria hastifolia, Thalictrum flavum, and Veronica longifolia are characteristic for these regularly mown meadows.
Because of its particular breeding system of multiple paternity and uniparental (female) brood care (Giessing 2002) , Aquatic Warbler conservation requires areas large enough to support a sufficient number of males (and probably females) at each breeding site (Heise 1974) , i. e. usually an area of more than 200 ha of suitable habitat (Tanneberger et al. 2010b ). In Pomerania it can therefore be regarded as an umbrella species (sensu Simberloff 1998 and Roberge & Angelstam 2004) , enveloping the needs of plant and animal species of mesotrophic and slightly eutrophic peatlands for which this bird is a specialist. Their importance for other animals than Aquatic Warbler is illustrated by the occurrence of Habitats Directive Annex II species such as the arthropod species Lycaena dispar and Carabus menetriesi as well as the amphibians Triturus cristatus and Bombina bombina. Among EU Birds Directive Annex I species, 16 species often occur together with Aquatic Warblers, with Spotted Crake (Porzana porzana), Corncrake (Crex crex), and Great Snipe (Gallinago media) regularly breeding in the same localities.
Management perspectives
As causes for Aquatic Warbler habitat deterioration in Pomerania, the cessation of land use (Krogulec & Kloskowski 2003 , Tanneberger et al. 2010a , continuously late land use in eutrophic sites , and further eutrophication (Tanneberger et al. 2009 ) have been identified. In the anthropogenically eutrophicated Pomeranian sites, the removal of biomass by mowing or grazing 'mimics' naturally nutrient-poor conditions and vegetation structure and the species thus 'relies' on management. All factors negatively affecting Aquatic Warbler habitats are similarly detrimental for the associated threatened plant communities.
According to our current knowledge, management favourable for Aquatic Warblers can be described as follows. Reed-dominated coastal sites: annual winter cutting of current breeding sites and summer mowing with biomass removal or grazing in sites currently unsuitable for breeding because of dense and high reed. Lower Oder Valley sites: summer mowing, at least in some years at early dates (before end of July; Tanneberger et al. 2008) . Because early mowing of currently occupied meadows puts Aquatic Warbler broods at risk, any static management with fixed mowing dates is impractical or even detrimental. Instead, flexible management decisions have to be taken each year according to the occurrence of the target species. Such a management would also approach the form of land use that originally led to the development of these habitats: before the areas were ameliorated, the extent and timing of mowing was mainly dependent on the strongly variable spring water tables. Despite the fact that we now have a sound basis to improve the management of Pomeranian Aquatic Warbler breeding sites in the near future, perhaps the most important long-term problem is still unsolved. The biomass harvested has a low forage quality for cattle and is thus unattractive for farmers. An economic alternative for the use of biomass is therefore needed. Hopefully, ongoing research on its use for energy and biogas production will soon lead to practical solutions.
Today Aquatic Warbler conservation in Pomerania benefits from species conservation projects and improved agri-environmental schemes (AES). Their main focus is to implement the recommended management by facilitating and financially supporting low-intensity mowing, preferably with sustainable use of the mown biomass, and grazing schemes.
The EU Life Nature project 'Conserving Acrocephalus paludicola in Poland and Germany' (LIFE05NAT/PL/000101, 2005-2011) is one of the largest and most comprehensive species conservation projects ever implemented in Poland and includes six project sites in Pomerania (Rozwarowo Marshes, Wolin National Park, Karsiborska Kępa, Zajęcze Łęgi, Krajnik, Lower Peene Valley/Germany) as well as the Biebrza National Park and its buffer zone. Management plans for the species in the project sites are set up for c. 42,000 ha, and about 3,000 ha are effectively managed. As the project sites differ strongly in vegetation and site conditions (Table 1) , planning and management address them individually. In the Lower Oder Valley NP, another project is currently aiming at creation of > 200 ha of new fen mire habitat for Aquatic Warblers and at specifically targeted incentives for farmers managing sedge as well as Cnidion meadows.
Agri-environmental schemes play an important role beyond the Life and other projects. In Poland, new AES have been implemented starting in 2007 (Brzezińska et al. 2007 ) which include two attractive packages of major importance for Aquatic Warbler habitats: Package 3.2 (Protection of breeding birds) and 4.2 (Tall sedge vegetation). The 'bird package' addresses in particular Aquatic Warbler habitats and prescribes annual mowing after 1.8., 30-50% at varying places set aside, height of mowing 5-15 cm, removal of the biomass at the latest 2 weeks after mowing or grazing.
